ABSTRACT
INTRODUCTION
Transfection has become an important tool for investigating gene expression and regulation. Several methods of gene transfer into eukaryotic cells are available. However, efficiency of transient transfection using one of these methods varies widely between cell types, cell lines and promoters used. Efficient gene transfer in one cell line or in one cell type may not predict a similar situation in another cell line or in another cell type.
Transformed or tumor cells are extensively used for the transfection of reporter plasmids in order to characterize regulatory elements. Information concerning the transfection of normal cells is limited. Our laboratory has developed the culture of guinea pig endometrial cells (1, 7) , which contain a high estrogen receptor level (10) . Transient transfection experiments have been performed using the calcium phosphate precipitation method, and it has been shown that both types of transfected subcultured endometrial cells, glandular epithelial and stromal cells, are suitable models for the evaluation of gene regulation by estrogens (10) .
The lipofection method (3) has been reported to be more efficient than the calcium phosphate method in certain models, and, to the best of our knowledge, it has never been investigated using normally growing endometrial cells. This study investigated whether the lipofection method could be suitable for plasmidic transfer into subcultured endometrial cells and whether it could have an advantage over the calcium phosphate method.
The influence of the cellular density, the lipofectin:DNA ratio and the lipofection time for an efficient transfection were investigated. Then, lipofection was compared with the calcium phosphate procedure in terms of efficiency. After obtaining the appropriate conditions for the lipofection method, gene regulation by estrogens was evaluated using an estrogen response element-directed reporter plasmid, transfected by lipofection.
MATERIALS AND METHODS

Plasmids
The pSV β -galactosidase plasmid ( β -gal plasmid) was purchased from Promega (Paris, France). The EREwttk-CAT plasmid was provided by Professor W. Wahli (University of Lausanne, Lausanne, Switzerland) and contained the chloramphenicol acetyltransferase ( cat ) gene coding region, the promoter of simian virus 40 (SV40) thymidine kinase gene and the estrogen response element (ERE) from vitellogenin A2 gene.
Media
The medium for primary culture (MPC) consisted of phenol red-free Ham's F-12, HEPES buffer (20 mM), antibiotic antimycotic solution, Na 2 SO 4 (600 mM), insulin (10 µ g/mL) and 5% fetal calf serum (FCS). The modified MPC (MMPC) was MPC without insulin and with 5% of dextrancoated charcoal stripped FCS instead of 5% FCS. Serum-free chemically defined medium (CDM) consisted of phenol red-free Ham's F-12, HEPES buffer (20 mM), antibiotic antimycotic solution, transferrin (10 µ g/mL), sodium selenite (10 µ g/mL), Na 2 SO 4 (600 mM) and bovine serum albumin (1 mg/mL).
Culture of Endometrial Cells
The isolation of stromal cells from guinea pig endometrium was performed as previously reported (7) . Cells were grown in MPC at 37°C in a humidified atmosphere (5% CO 2 and 95% air). Confluent stromal cells were obtained within 6-8 days, submitted to trypsinization (7), resuspended in MMPC and plated in wells (35-mm diameter) at a variable density. In all experiments, these subcultures were incubated in MMPC for 48 h and then transfected. The medium was renewed 4 h before transfection.
Liposome-Mediated Transfection
For the transfection of cells in one well, 2.5 µ g of β -gal plasmid were resuspended in CDM. For the experiment of estradiol (E 2 ) stimulation, β -gal 88BioTechniques
Vol 20, No. 1 (1996) Figure 1 . Effect of lipofectin:DNA ratio on β β -gal reporter gene expression. Cells (3 × 10 5 /well) were transfected with the indicated lipofectin:DNA ratio using 2.5 µ g β -gal plasmid. After 12 h of lipofection, they were re-fed with CDM and harvested 40 h later. * = P <0.05 vs. the lowest β -gal activity observed with a ratio of 3. plasmid (2.5 µ g) and EREwt-tk-CAT (2.5 µ g) plasmid were also dissolved in CDM. In this case, the β -gal plasmid was used as an internal control of transfection. An amount ranging from 7.5-30 µ g of lipofectin (Lipofectin ® reagent; Life Technologies, Cergy Pontoise, France) was diluted separately in CDM. The use of this serum-free medium is essential because the lipofectin is inactivated in the presence of serum. The DNA solution and the diluted lipofectin were slowly mixed in a total volume of 2 mL/well and incubated at 25°C for 10 min. Cells were incubated with the liposome-DNA complexes for 4-17 h. Then, they were re-fed with CDM, harvested 40 h later and disrupted by freezing/thawing 3 times. β -gal assay was performed using a constant volume of cell extract (50 µ L), and β -gal activity was spectrophotometrically measured (6) . In some experiments, this activity was normalized after determination of total protein concentration and thus expressed in absorbance units per µ g of protein.
For the E 2 stimulation, after the transfection step and 3 washes with phosphate-buffered saline (10 mM, pH 7.2), the cells were kept for 24 h in CDM plus 10 -7 M antiestrogen ICI 164,384 (10) . Then, they were incubated for 40 h in CDM with or without E 2 . After normalization for β -gal activity, a CAT assay was performed on whole cell extracts (9) as previously described (10) . Note that whatever the conditions used, cell survival was not affected.
Calcium Phosphate Transfection
Cells were transfected using the calcium phosphate-DNA coprecipitation method (4) under conditions previously optimized (10) . β -gal plasmid (2.5 µ g) was used to transfect cells in one well. Cells were then treated as above.
Statistical Analysis
In each experiment, 3 dishes of transfected cells were treated separately and the data (in the Figures) are the means ± standard error of the means of these 3 determinations. Statistical analysis was performed using one-way analysis of variance (ANOVA). The experiments were repeated independently 3 times with similar results.
RESULTS
Optimization of the Lipofection Procedure
The effect of the lipofectin:DNA ratio on the lipofection efficiency is shown in Figure 1 . Six ratios (from 3 to 8) were tested. The stromal cells (3 × 10 5 /well at the time of subculture) were exposed to the lipofectin-DNA complexes for 12 h, the medium time suggested by the manufacturer, then re-fed with CDM and harvested 40 h later. The β -gal activity appeared dependent on the lipofectin:DNA ratio. The activities observed with ratios of 6 and 7 were the highest; there were significantly 3.2-fold and 3.1-fold increases, respectively, compared with the activity Vol. 20, No. 1 (1996) BioTechniques 89 for a ratio of 3. A ratio of 6 was chosen for the subsequent experiments.
To study the effect of cell density on lipofection efficiency, cells were plated at different densities. At the time of subculture, they were seeded at either low density (10 5 cells/well) or medium density (2 ×10 5 /well) or high density (3 × 10 5 /well). This differential seeding resulted in less or more confluency 48 h later at the time of transfection; the lowest seeding resulted in 40%-50% confluency, the medium one in 60%-70% and the highest one in 80%-90%. After 48 h of subculture, they were exposed to lipofectin-DNA complexes for 12 h. As shown in Figure  2 , the β -gal activity decreased when the cellular seeding increased and was 2-fold higher at low density than that observed at high density.
To define if a shorter lipofection duration could be suitable, cells at low density were exposed to lipofectin-DNA complexes for 4, 8 or 12 h. As shown in Figure 3 , the β -gal activity slightly increased with the lipofection duration. It was 1.5-fold higher with a lipofection duration of 12 h, compared with that evaluated for a lipofection duration of 4 h. An exposure for 17 h did not give a better efficiency compared with 12 h (not shown).
Comparison of the Calcium Phosphate and Lipofection Procedures
Our previous studies have demonstrated that the calcium phosphate method was more efficient when the cell density at the time of subculture was 3 ×10 5 cells/well. Thus, taking into account this result and the previous one concerning the lipofection efficiency at 10 5 cells/well, two densities were used to compare both methods: either a low density (10 5 cells/well) or a high density (3 × 10 5 /well). For each density, cells were exposed either to a calcium phosphate precipitate for 4 h or to the lipofectin-DNA complexes for 12 h. The β -gal activity is shown in Figure 4 . As previously observed, the lipofection method was more efficient at low cellular density than at high density, and in this experiment, the difference was more marked and highly significant. Furthermore, at low cellular density, it was significantly more efficient than the calcium phosphate method. At high density, the calcium phosphate method was more efficient than lipofection.
Lipofection: A Suitable Tool to Evaluate an Estrogen Effect on an EREcat Gene
At the end of the subculture, lipofectin was used to transfect cells with EREwt-tk-CAT plasmid and β -gal plasmid. Then the cells were incubated in either CDM or CDM plus E 2 for 40 h. The CAT activities, measured after normalization with the β -gal activity, are shown in Figure 5 . A low CAT activity was detected in control cells incubated in CDM, corresponding to the basal expression of the EREwt-tk-CAT plasmid. The treatment with E 2 increased CAT activity with an 8.9-fold induction compared with that observed in control cells incubated in CDM.
DISCUSSION
The subculture of endometrial cells was chosen rather than the primary culture in order to control cell seeding in each dish and to increase the purity of the cell population confirmed by immunocytochemical staining (7, 10) .
Using this model, the amount of lipofectin reagent was optimized first, using a constant amount of 2.5 µ g DNA. A lipofectin:DNA mass ratio of 6 to 7 was found to be optimal. This result fits well with the previously reported data (8) . The effect of cell density on lipofection efficiency was then investigated using a lipofectin:DNA ratio of 6. The lipofection in low-density wells appeared more efficient than in the high-density wells. In the wells at low density, there were more numerous dividing cells. It has been shown that actively dividing cells are generally transfected more efficiently than resting cells. During the passage of cells from the G2 phase to mitosis, the nuclear membrane breaks down, probably favoring the entry of exogenous DNA into the nucleus (5) . An increase of permeability of the nuclear pores during the cell cycle might also increase the amount of available exogenous DNA (2) . These overall phenomena could explain the higher lipofection efficiency at a low cellular seeding in our model. The optimum range of lipofection duration was broad. The maximum β -gal activity was obtained from cells exposed to lipofectin-DNA complexes for 12 h.
Once the conditions for efficient lipofection had been established, the estrogen effect on gene regulatory elements was studied. Cells were co-transfected with EREwt-tk-CAT and β -gal plasmids and pretreated with ICI 164,384 before adding new CDM with 90BioTechniques Vol 20, No. 1 (1996) or without E 2 . This pretreatment was necessary to observe an estrogen effect (10) . The CAT activity was measured after normalization by β -gal activity. Thus, the increase in CAT activity (8.9-fold induction) in the presence of E 2 , compared with the activity in the absence of E 2 , is due to the E 2 effect and not to a better transfection efficiency in the stimulated cells. A similar 9.2-fold induction of the cat gene by E 2 was evaluated by the calcium phosphate method (not shown). Thus, transfected endometrial cells in subculture are a suitable system to study the estrogen effect on gene regulatory elements, whatever the transfection method. However, the lipofection procedure has a main advantage besides its simple use and least cytotoxicity: at low cellular seeding, it is more efficient than the calcium phosphate method. This is an especially attractive feature. Indeed, the cultured cells available in one experiment are limited; only 20 wells at high cellular density are prepared from one endometrium. With the use of the lipofection method, more wells can be seeded from one animal and the number of treatments is less restricted in stimulation experiments. Endometrial cells transfected by the lipofection procedure will be an efficient system to investigate the molecular mechanism of estrogen action.
